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ABSTRACT
Neotropical harvestments are generally omnivorous, solitary nocturnal foragers. However, several species of
harvestmen are known to form aggregations during the day, including a species of harvestmen (family
Cosmetidae) that is common in open, grassy areas in Monteverde, Puntarenas, Costa Rica. This study focuses
on how and under what conditions new aggregations are formed by marking and recapturing individuals in
natural and artificially created sites. Proposed hypotheses for the purpose of forming aggregations include:
limited site availability that provides protection from desiccation and exposure to light, an increase in defensive
ability against predators by using the mass release of defensive chemicals and the dilution effect of reducing
chances of predation by pure probability. This study has found support for the first hypothesis, that limited
availability of suitable sites drives their choice in places to aggregate, based on their observed behavior and a
strong statistical difference in temperatures above and below artificial sites (paired T-test; p-value < 0.0001). In
addition, this species rapidly colonized the artificial sites, which was most likely motivated by optimal
conditions beneath them. In both natural and artificial sites, individuals displayed high site fidelity due to a
small range size. Also, estimated population densities between 0.2 and 2.6 individuals per m² in artificial sites
suggest that this species of harvestmen is an important predator and prey item in open areas.

RESUMEN
Los opiliones del Neotrópico son generalmente forrajeros nocturnos omnívoros y solitarios. Varias especies de
Opiliones se conocen que forman agregaciones durante el día, incluyendo una especie de Opiliones que es
común en áreas abiertas de pasto en Monteverde, Puntarenas, Costa Rica. El foco de este estudio es conocer
cómo y bajo qué condiciones nuevas agregaciones son formadas en sitios naturales y artificiales. Las hipótesis
propuestas para explicar la formación de agregaciones han sido: disponibilidad limitada de sitios que
proporcionan protección contra la desecación y la exposición a la luz; un aumento en la capacidad defensiva
contra depredadores usando la secreción de productos químicos defensivos y el efecto de la dilución al tener
muchos animales para que un depredador elija, de este modo se baja la probabilidad de un individuo a ser
tomado. Este estudio apoya la primera hipótesis, la disponibilidad limitada de sitios de agregación, basada en los
comportamientos observados y una diferencia en las temperaturas encima y debajo de los sitios artificiales
(Prueba de t pareada; p < 0.0001). Además, esta especie colonizó rápidamente los sitios artificiales, que fue
motivada muy probablemente por condiciones óptimas debajo de ellas. En sitios naturales y artificiales, los
individuos exhibieron una alta fidelidad de sitio debido a un rango pequeño de distribución. Se estimaron las
densidades demográficas entre 0.2 y 2.6 individuos por el m² sugiriendo que esta especie de Opilión es un
depredador importante en áreas abiertas.

INTRODUCTION
Harvestmen (order Opiliones) are generally omnivorous, solitary nocturnal foragers (Machado &
Oliveira 1998). There are 5,000 species in the order present throughout the world, divided into
three suborders: Chyphophthalmi, Palapatores, and Liniatores (Machado & Raimundo 2001).

Very little is known about the behavioral biology and natural history of these organisms,
particularly those found in the Neotropics (Machado & Oliveira 1998). Several species of
neotropical harvestmen in Palapatores and Laniatores are known to form aggregations during the
day (Machado & Vasconcelos 1998; Machado et al. 2000), and several theoretical reasons have
been suggested. Aggregations may form because there are limited sites where the risk of
desiccation is small and exposure to light is minimal, because of the increase in defensive ability
against predators by the mass release of defensive chemicals or due to the dilution effect of
having many animals and lowering the overall probability of predation on a single individual
(Machado & Vasconcelos 1998). However, there is little information available on the general
characteristics of aggregations beyond size and sex ratios, and the majority of research in the
Neotropics on harvestment aggregations has been on cave-dwelling species (Machado &
Vasconcelos 1998; Machado et al. 2000; Oliveira et al. 2001).
The species investigated in this study is in the suborder Laniatores and family
Cosmetidae. There are 2,000 species in the suborder, and the family is only found in the
Americas, and mostly in the tropics (Levi & Levi 1990). This species is found almost exclusively
in open grassy areas and may be the dominant Opilion in that habitat (Ayres 2003).
This study focused on how and why harvestmen of this species form aggregations.
Specifically, the questions this investigation poses are: (1) Do individual Opiliones return to the
same aggregate groups each day? (2) Are there similarities in the physical characteristics
between locations where aggregate groups are found? (3) What is the rate of colonization of new
aggregations in artificial sites? The answers to these questions will fill large blanks in the
knowledge of the natural history of these organisms and help refine later research on the subject.

MATERIALS AND METHODS
STUDY AREA. –Field work was carried out at Estación Biológica Monteverde (EBM; 84°48’
N, 10° 20’W; altitude 1545m) located in the province of Puntarenas, Costa Rica. EBM is situated
on the Pacific slope of the Cordillera Tilarán near the continental divide and on the edge of a
private cloud forest reserve. Field observations were made between April 6th and May 5th, 2003,
during the transition period between the dry and wet seasons in Monteverde. All harvestmen
studied were captured in grassy disturbed areas with few trees, between 0900 and 1500 hours
central daylight time.
NATURAL SITES – Ten natural aggregate groups were found in open areas around EMB and
flagged. These sites were checked five times over 12 days, with four days as the maximum and
one day as the minimum interval between observations. General characteristics of the sites were
noted, and all individuals found were marked with a silver xylene-free permanent marker (Fig.
1). Each successive time the sites were checked, all individuals found with marks were recorded
and those without marks were marked. Three previous studies have marked harvestmen using
both enamel paints and commercial correction fluid without apparent effects on the longevity or
behavior of the animals (Machado & Oliveira 1998; Machado et al. 2000; Santos & Gnaspini
2002).
ARTIFICIAL SITES – Artificial sites were created by putting a 30 cm by 30 cm by 2 cm piece
of wood (Ceiba pentandra) on the ground and clearing the area beneath the wood of excess
amounts of debris and long vegetation. Nine sites (1-9) were initially set up and sampled a total
of 10 times over 22 days. Six more sites (10-15) were set up two days later and were sampled a
total of 8 times. Later, 15 more sites (16-30) were set up in a nearby but separate area (by a

gravel road) and sampled six times over 12 days. These sites were placed every 10m along linear
transects to randomize their location and to capture a variation in the physical characteristics of
the sites. The linear transects of artificial sites were positioned in an open area near EMB, but
greater than 70 m away from the natural aggregations used in this experiment to prevent
migration between the two treatments. That distance was considered an effective barrier because
Machado et al. (2000) found that the maximum distance traveled by marked individuals from the
cave where they aggregated was 70m.
The artificial sites were checked for the presence of harvestmen, and when they were first
found at a given site the date was recorded, and all the individuals were marked using the method
described above. In subsequent checks of the sites, the presence of marked individuals was noted
and all new individuals were marked. Temperatures were recorded above and below the piece of
wood using a Digi-Sense® type k thermocouple thermometer on two dates (after data on the
Opiliones had already been taken) for each site.
ANALYSES – The mark and recapture data was used to make population estimates of both the
natural and artificial sites using the Jolly-Seber method (for a description of the method see
Krebs, 1989). Population estimates were calculated for artificial sites 1-15 both individually and
grouped together. Artificial sites 16-30 and the natural sites were grouped together for the
purposes of the population estimates because of a lack of sufficient numbers of recaptures for
each site.
Site fidelity, or the number of times an individual was captured at a given site, was
recorded for all of the sites. However, because individuals that were discovered early in the study
had more chances to be recaptured, those that had more chances to be captured and were
captured multiple times were weighted highest using the following equation:
(number of times captured)2 *(total number of chances to be captured) = fidelity index
Using this fidelity index, individuals discovered on the last sampling date do not skew the
histogram towards the left.
The temperature data for above and below the artificial sites was compared using a paired
student’s t-test.

RESULTS
NATURAL SITES – In the natural aggregations, 76 individuals were marked and 47 were
recaptured at least once. Group sizes ranged from a solitary individual to 13. The aggregations
were found under rocks, small logs and pieces of cut wood in both full sun and shade. The JollySeber population estimates ranged from 20 to 68 individuals within 100 2 (Fig. 2). Also, the
majority of individuals were caught only once, but one individual was caught all five sampling
periods (Fig. 3). Individuals moving between natural sites were only noted for sites within one
meter of each other.
ARTIFICIAL SITES – In artificial sites 1-15, 194 individuals were marked and 95 of them were
recaptured at least once. Group sizes ranged from a solitary individual to 17, and only four
individuals switched sites. Recaptures per site were distributed unevenly, with three sites having
greater than 35 and three sites with no recaptures despite being colonized (Fig. 4). The absolute
range of recaptures was from 0 to 43 per site. About half of the individuals were caught only
once, but one individual was caught all eight sampling periods (Fig. 5). On the first day, 11% of

the sites had been discovered by harvestmen. After eight days, 73% of the sites had been
discovered, and at the end of the sampling period 87% had been discovered. However, once a
site had been discovered, it did not always remain occupied. After eight days, 67% of the sites
remained occupied and at the end of the sampling period 73% were occupied (Fig. 6). The
colonization rate was relatively rapid, with about 9 individuals coming per day to artificial sites
1-15. The number of new individuals found each sampling day was somewhat variable, ranging
from 1 to 42 (Fig. 7).
The Jolly-Seber population estimates for each site ranged from 2 to 26 per 10m 2 (Fig. 8).
Considering sites 1-15 as a group, the population estimates ranged from 31.4 to 136 per 150 m 2
(Fig. 9).
In artificial sites 16-30, 29 individuals were caught with 9 individuals recaptured at least
once. Group sizes ranged from a solitary individual to three, and no individuals switched sites.
Over two-thirds of the marked harvestmen were caught only once, but one individual was caught
four times in the six sampling periods (Fig. 10). On the first day 33% of the sites had been
discovered, and after eight days, 60% of the sites had been discovered. However, the percentage
of sites actually occupied on a given day fell from 33% to 27 % by the end of the sampling
period (Fig. 11). The colonization rate was much lower for these artificial sites at about 1.5 new
individuals coming per day to the sites. The number of new individuals found each sampling day
dropped from 9 to 3 by the last sampling day (Fig. 12).
The Jolly-Seber population estimates for artificial sites 16-30 grouped together ranged
from 6 to 147 individuals per 150 m2 (Fig. 13).
The temperatures above the artificial sites were higher than the temperatures below on
average, and they were found to be significantly different (paired T-test; p – value < 0.0001)
(Fig. 14).

DISCUSSION
Of the three hypotheses offered by Machado and Vasconcelos (1998), this Cosmetid species
seems to form aggregations due to limited site availability. First of all, the predator deterrence
theory seems implausible because of their observed behavior while being collected from the
artificial sites. Unlike Gonisoma longipes, another harvestman in the suborder Laniatores (family
Gonyleptidae), this species were rarely observed to have their legs overlapping with other
members in the aggregation (Machado et al. 2000). As a consequence, members of aggregations
did not react when one was being collected unless that member ran into them in the process of
being captured. In addition, although this species was observed to release a defensive chemical in
the form of droplets between the first and second legs, they did not produce it until after
manipulation. Also, they never displayed the ability to spray the defensive chemical at an
aggressor as has been reported for G. longipes (Machado et al. 2000). Thus, this species does not
seem to use gregarious behavior to warn each other of predator attack or to deter predators. The
dilution effect theory also seems implausible because including all sampling periods in the
artificial sites, 44% of the aggregations encountered had two or less individuals. Group size in
artificial sites 1-15 did increase over time (Fig. 7), but colonization of new natural sites could be
a fairly common occurrence as well, leaving single individuals and pairs with virtually no
dilution effect. Limited availability of sites that reduce the risk of desiccation and exposure to
light seems to be the most plausible explanation for this species’ formation of aggregations, as
the artificial sites fulfill these needs and demonstrate milder temperatures than outside (Fig. 14).
The reason for the rapid colonization of the artificial sites could be because they offered
better shelter from outside conditions than natural sites within their range. Harvestmen take

refuge in wet and dark sites during the day, and many species are photophobic (Machado et al.
2000). The temperature difference above and below the artificial sites suggest that they are
effective at buffering outside conditions from Opiliones. Other substrates, such as leaves and
hollows at the base of trees, may be adequate refuge for harvestmen, but the artificial sites were
likely more effective.
The difference between the amount of colonization and population estimates in artificial
sites 1-15 and 16-30 may be due to the difference in ground cover. Artificial sites 16-30 were in
an area with tall grasses and weeds (one to two meters tall), whereas artificial sites 1-15 were in
an area where the grass is kept short by mowing. The long grass may have provided more
choices for areas to form aggregations, or prevented many individuals from discovering the
artificial sites. Also, there were some patches of bare soil in the area of artificial sites 16-30 that
some of the sites were located on. It has been suggested by Noss and Csuti (1997) that even
small unpaved forest roads can serve as barriers to movement of arthropods. These sites on bare
soil were never discovered, and it may be that the open space surrounding the sites prevented
their colonization.
In the natural sites, most individuals displayed site fidelity, except for sites that were
within one meter of each other. In the artificial sites, four individuals’ switched sites of the 223
individuals marked in the artificial sites. However, it is interesting that despite this high site
fidelity, there were relatively few recaptures and many new individuals captured every sampling
period. This suggests a limited amount of movement. There were most likely a few natural sites
in the range of each artificial site, providing sources for the colonization of the artificial sites.
Since the artificial sites were placed every 10 m, the range of the harvestmen must be 10m 2 or
less. The sampling period in this study was probably not long enough mark all of the individuals
emigrating from the natural sites to the artificial sites, which would explain the constant inflow
of new individuals each sampling day.
It is possible that the range of this species is smaller than 10m 2, which would
significantly increase the population estimates. Using the estimates for the individual sites,
densities could range from 0.2 to 2.6 harvestmen per m2 (Fig. 8). Even considering the lowest
population density, this suggests that this species of Cosmetid is an important predator and prey
item in open areas. More research is needed on the range size and natural history of this
organism to better understand its role in tropical food chains.
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FIGURE 1. Marking system for Opiliones using a silver xylene-free permanent marker. The legs are used as the
ones digit, with a mark on both back legs to denote the number five. A zero in the ones digit is denoted by no marks
on the legs, with the exception of 100. The tens digit is indicated by marks on the body, using the natural yellow
pattern on the ceplothorax to differentiate between the marks. A zero in the tens digit is indicated by no marks on the
body, numbers 10-90 have one mark, and 110 to 190 have two marks on the body (one of the two marks is always in
the center of the body, and the other is in the same location as 10-90). Caution must be used when marking numbers
20-29 and 90-99 not to get ink in the eyes. The hundreds digit is indicated by an extra mark on the legs. This system
works up to 199.
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FIGURE 2. Jolly-Seber populations estimates for ten natural aggregations per 100m². Because of
the nature of the calculations, estimates are not possible for the first and last samples.
_____________________________________________________________________________________________
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FIGURE 3. Fidelity index for natural sites showing the number of times an individual was
captured, with those that had more chances to be captured and those that were captured multiple
times given the highest number. Equation: (number of times captured)² *(total number of
chances to be captured) = fidelity index
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FIGURE 4. Number of recaptures for artificial sites 1-15. Sites 2, 7, 9, 14 and 15 had no
recaptures.
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FIGURE 5. Fidelity index for artificial sites 1-15 showing the number of times an individual was
captured, with those that had more chances to be captured and those that were captured multiple
times given the highest number. Equation: (number of times captured) ² * (total number of
chances to be captured) = fidelity index
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FIGURE 6. Proportion of sites discovered and occupied for artificial sites 1-15. The discovery
line indicates that at least one Opiliones has been found at that proportion of the sites, and the
occupation line indicates that proportion of sites are occupied on that sampling date.
_____________________________________________________________________________________________
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FIGURE 7. Colonization for artificial sites 1-15. The cumulative line indicates the absolute
number of new individuals found in the artificial sites up to that date. The per day line shows the
number of new individuals found on that date.
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FIGURE 8. Jolly-Seber population estimates for artificial sites 1-15 per 10m² for each site. Sites
1, 2, 7, 9, 10, 14, and 15 are not included because there were not sufficient numbers of recaptures
to do the calculations.
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FIGURE 9. Jolly-Seber populations estimates for artificial sites 1-15 per 150m².
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FIGURE 10. Fidelity index for artificial sites 16-30 showing the number of times an individual
was captured, with those that had more chances to be captured and those that were captured
multiple times given the highest number. Equation: (number of times captured) ² *(total number
of chances to be captured) = fidelity index
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FIGURE 11. Proportion of sites discovered and occupied for artificial sites 16-30. The discovery
line indicates that at least one Opiliones has been found at that proportion of the sites, and the
occupation line indicates that proportion of sites are occupied on that sampling date.
_____________________________________________________________________________________________
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FIGURE 12. Colonization for artificial sites 16-30. The cumulative line indicates the absolute
number of new individuals found in the artificial sites up to that date. The per day line shows the
number of new individuals found on that date.
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FIGURE 13. Jolly-Seber population estimates for artificial sites 16-30 per 150m².
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FIGURE 14. Mean temperatures above and below artificial sites 1-30 show a significant
difference (paired T-test; p-value < 0.0001). The error bars are plus and minus one standard
deviation.
_____________________________________________________________________________________________

